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~"'-~ 
.. 
.. -·· .. ' the be$.t 'fit to the• d:ata·· in -=the .lea,st square: serise-.• 
/ 
:, . 
.Also a ·study is• rna<Te of .s:·Gµ.ijve:'s. d·at.a. on the effec.t '.Qf l 
. 
. . 
sh'e:et t,hi·ckness :on;· .f~t:i.gue: c:ra.,Qk g:rbwt:h, Re'f. ( 3), · in or.de'.r :to: . l • • ~ 
• 
i.l,lµstrate the· effect ·q:( s·:heet ·t;hi·ckness .. It was found that-a 
' . 
., 
··· J .. l.r1i'form thic.kn:ess-, eff.e·ct ·ao¢$ e:x;ts·t .for· th.e: d~tEL. :pre.s~n.t.ed by • 
·j,,... 
:sc-hlJv-e·! 
s:oil\ltio'.n:,'· .for estj_mating the· si·Z·e ·b·f t-he: plastii enclave at the · 
: ... 
tJp of a-. C:ra.ck in a .. ·uni.fpJ-;r11 body ·wh·i.ch is subj ee\ed to in p_ia-:ne 
. . 
· .. 1 
}'oading ... ~, :s·ever.a·l of·· the, prO.P.OJ3ed cr~ack .growth ·1119d~l.S a;re bas.eo. 
....... . : 
on: tne ~size 'Df t·he _p.last._fc ·e11e].ave ah·ead ·.Of,. t'11e .e;adk ·t{p· .. . I It·: !-·~ 
·o· 
.has not be·e;n. spown that the :siz.e·· ·of t4e plasti¢. enc:lave· ean: be· ·i. 
. . • 
.. 
.. 
expressed .as a sll'.!lple,f:unc-t:ion Of the crack geom,etry~external 
f ; . 
.. . . ·:· ... 
loads in t.h.e c:"as.e :of combined Zl:oa.,di1J.g· prob:lems . . Hence a ·_g·oo·d . ~ . . . 
. ' ' 
, . 
, ... , 
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. 
. ----of a er·ack :can . .-lead t .. o: a· .more .a·ceur·ate app.li.cation cif. t.h·e prol)osed . 
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"' INTRODucrrtoN·· , '[ _, J 
; ·p !, 
.I.'rt re::c.ent. ·years ther.e :f.ras. oe:en a. co.nsiderable .am.ou~t .of 
·\, :•CJr<,· 
.. 
•• • 
•-~ • 
• 
-
r • • • ' 
. 
. ·. 
,} 
. 
. ) 
- , .. exper:~en-t.al ·d:~ta g&t,hered :conpe.rnirtg, -fatigue crack pro.pag~tt_.i_Qh. . . . . / 
·in.- th.in, c:e.~tratly cra·ct¢d: ·plates:subjected to .fl11ct:u~~ing 
r 
• 
"<\J 
,/>, 
" :,.: 
.•, ~ ,.-extension~l. ioads :at inf"inity, :Re:f. (2, .3 .. -,: --4._;.: '5 ., 6.:), .• :. T-11:e 
-
-:extension.al dat·a inc:lu·d:es .t.e·~·ts. o_f.· pl_a:t.~s: ;Of dlff'eren.;t t:h.i:ckr1esses 
varJp-µ_$ idtLd alD.plit,udes ·and two _mean 'loads, R'·ef .• ·. {.1).-,. . . 
... 
·, 
.. .,_ 
A_.1·ong wi "t.:h ,th·e .r.nany sources of· d:a. ta_·, the:re hav_e b.e:en ·s eyerf:il 
... 
•, . 
. .f-· -. 
··.- :,: 
. 
. 
~J(p:r;e·ssiohs propo.sed to funct:i.onally rep.resent _tq.e ~)Cperiment-ai 
~- :dat,g,. Of th_e· ·.prop.osed expr:-ess.i_:on.·s ;. :s-everal. have a.tt,empt.ed to. 
inclua.:e :-th.e .ef.f eey of mean l_oad an·a load ampli.tuq.~$. :C}he 
'/ 
.exp:r"ess.ion: ·co.!J:t~ips a m.at,er.ial: :prop~rty---.th'E~ eri.tical ·stres-s-
--:-· • 
. _·. ! :, . 
'·· ... : 
Intensity factor-.' ' Norte of 'i?h-e: ,equati pns' t.o : cl~-be: has· ,:inc:orporated. 
-a. thic-kne$. s effect on fatigue '.c.ra¢k. _p\rbp~atibn. -:Thde r-e.a·son. being ~ i 
•. 
. . . 
. ~ th:at a.' thIC·knes~ -eff'e.c_t has yet to.. be clearly· defined 'in th~- ·dat-a •. 
. . . 
s:ome of ·;th:e proposed .:equa.tions will be ex·qllli'n~9- ·11Bing ,.a. large. 
.......... ': 
·' ··--·-,.--··-·-----· ... ____,_., - - __ , ___ _ ••• I 
.number. of data'"._sqµ.rces ~from a larg.e number of tests":, ·in· ~ :e_:f~qrt. 
;.. 
·the·. cr~c·k prop·agat:i6ri data·.. T~~n, _us.ing the ·equati·ori, op 
.·:_~.-<~· 
. :: .. ! '-.J, ' 
equations.~ whi. .. en p·rovid~s, a :reaso11;ab~~ predi·c·t:Lon of th·e: ::d_at~, ·it 
,. ,,,) . . . 
wi.J(L :be :·4et·ermined if th~. valu~s. o:f the ·emp:Lrical constan:t.s for· 
~- . 
' t1iat 'equation are qonsistent fr.om one: dat~. source to anot-her for '' . . . 
. 
·' 
' 
- ... ·-·, -- ..... . ... ;.~·;.·- -'.-· ;- ------:- .- :-: .. ~- --- .: -· --... -·· --. ·- ·,~--~-··-··,-.,----'-.----~-------~~-----·· --···· --·· tii~. s:ame. mat~ria1·~and ,;thickness.·. Fi~naily,. t.he data. will be 
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_, 1 
~-· :stu_clies: t·o date· ·have not :~ncluded combined load:'ing:··situa·tions_;· 
·..:.-. 
' U''; 
. . 
~ 
,and·· an_ attempt_· -wi~l 1:>e .. ma.de· to. examin·e ,·t.he.,.effec·t. o.f combined -· •' . 
. 
1i . 
1:oad·~-i1g -situations on fatigue -crack. propagatio11. in thin'. plates . ,. 
,.·, ·".··. 
'· :· ,,1 
. . i. 
•. 
. 
. l·n. tn·is. study ·tes-ts ~re ~C:0Ii~u·cted •on. thin :Plates: ·sii"b·Je.cted tq: -~ 
'!, 
:uni'form · s~tatic t,ensile ~tr,~ks a:t., infi:ri:i?ty and a ·transverse ·"b:~nding 
. . ~ .. 
,,, ......... ' 
lo.ad .at tbe p'lane· of-' the .crack-.. ·.· Thus ·the· .cr·act. t:ip is' ··s:.ubj~cted 
·: -~-
.. ·.-...... 
1. 
I 
., ~ " ·'.; 
., ·, .. 
=~ 
. to· a stati.c 
••• 
.,., ... 
' 
. producirig a ·s:tat.ic s.tress .. int·ens:ity fact·or·,. Kr , at· ·"±,he crack 
C . 
, :)<}> 
tips .. At the. s·rune time tne- er.a.ck tip: is =exp.erienci:ng· tpansver·~~: 
• .~ 1 
. ,i > 
·be_r;tdJhg stresse·s, whi:cll · in~ro¢it.tce ·s;: ·fluc-tuat:L_ng $·tres·s intensity· 
•• 
- ::._ -· ... .: .. _,_ . -. . . -· ,.. .. -
factor, KII ,. whiCh acts as- the drivfng. f"qrce for 'the :crack. growth. 
Finally~ in- eor1J11nction with- the combined loadi~g pr'C)biem., . a 
:·.-... --met:hod i.s ·presented. .for :e.stnnat:i.n,g ·t·he size of· the: plast.:ic :ZOil~: .. , 
·ex·tendi:pg: beyond th.e tip of ·:a c-rlck ·whie:h is ·subj'e·cted t:o. co~b-1.ned· 
_;.· ... 
.•• ; ,! { . .... -~ 
' 
Th·~·- m.etho{i ·pres.ented 'w:as useci :by .E .• J. Brown., .·Ref .. (1.5)_, 
. ' 
... is: _r.eadily adapt.able to any lo~d.ing · s-it/uat'ion fbr which. th·e st:res.s-
·
1 intensity factor·-an:d_ st·r.ess funct:ion can b.e .. ·found ... The solutio·n 
.. 
. ..... . \ ..... : .. ·· ~
requires a nmn..er-i.cal solutio:n to a. $-e.t of ··non-.lin.ear algeb"raic.: 
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_:_THEORETICAL CONSIDERATIONS 
.. 
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~ 
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.. :·_...;-•""' 
·~· Several functional ·tc).rms have.,..--been proposed to: :repres·eor1t a · 
t··e-1atio!tthip_··b·etween ··the r.-ate ·of' 'f'atigue crack gro~h @d···th.e 
I . .,1 
. I 
relevar_it phys ic.ai ·para.met~rs ·~- They "\¢ill be __ revi eweq. ·n..~re.,·. .. ·~· 
. ~ .. 
. , P~ri$ ,: Ref .... -··{8):' _pr6po.s.~_d_ th_e· ·ro·llowing __ - relationshi_p betwe.en; 
-~ 
·-
~· 
... 
-.range,- 6 K : 
.. 
! 
. • . ' I·. . 
( 
.\ ... · 
· .. --- (1} d 
·.··· 
.. '\··. where ''a", is· the half c_rae-k length; n ,. ,th·e number of ;l_pad. cycies. ;: 
• . 
. ~
- . 
.. is tp.e stress . intensity f~ct..or· ran·ge .defin.e:d :here in as 
' AK ~ ( J< ~ 6." - K ~·, n ) / 2 -~~ -and C is a constant which :mu&t 'b.e 
, .· .. ·. . .... : 
.. determine.d for each material, thi-~knes·s, ·mean load, loading ..... 
. .· 
. .. ' '. 
.• . 
. - . . 
. 
·frequ.ency, et.c. Paris found that the geperal· ·tt·end- o_·f' the, data .. 
cap Oe Chari3.ct8~};ed Oy equation ( 1) whe:r~ .ril '£:' 4. . 
i,_· ·,· 
.Bro.el{ and .. :s:c:hi·Jv·e, RE;f. :( 2-) , studie.d tne .e·ffect· of· m·ean 
·:.,, 
. 
. 
' 
~tt.r.eS:s. oh. crack. ·_pfo:pagat-ion· and .. at: ·tlJ.e ~nd o;f· tli.ei.r ·paper· p:roposed ,, -. ' - . . 
. . . 
an. ·expone.nt."ial eq_:uati on i.ncorpqrat.Ing R· ~-: t.he: ratio :q_f mi:r1inrum: 
~-
Tbeir.· crack growth equation may be .written in the .form 
' :';.,I 
do. -CzA 3 . ·~ 
- c, e ( /~max ) _( I t /0(-4 /b) )' - -
•· dn 
,I ~·.~ ,, 
.. -.,,,:. 
where G1 .and c2 are constants to be .detepD.i_ned from the d!l,ta; 
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.·THEORETICAL CONSIDERATIONS ·coNT _'D •. 
,,., 
-~ . 
:and b is the half plate width. This equat·:_i·on ·w~:fs: -deduc:e:d. by 
.. Broek _ an.d ~ S:chiJve~ ~y· ·vis·µa_lly caiiing .. the -.·s'.J_·9pe o.-:f· the·-:~,, da/d.n: . . ·1: • · 
versus .. K·.max · cu,.rve-s. as bei,ng -equal to th_r·~e: :<i,nd··, us:lhg· ·this -t,,o 
·.· 
' 
·, . • 
. '. 
--.:., 
qbtafn the remayiing functional :form. • 
' . .. .:: ... 
For:m,an_, R·ef -. ( 7) ,- ·argu_e:cl t-hat· .. a ··:c"o:rr.~ct.· .c_r.~-<i~k· gto:w:th._··.1aw ,,,.-
s·h·oul-4 include the- crit~r-ia ···th-at the c.racl:t g:rowth rates ·appr·o:ac:h 
:· '·. .. ..... ' 
.: . \ 
. . , .. -:;" ': --•• .'- • r., - • -· , . ......,__..,., ,_,..._,, ....... - .... ~•••• ·-- ., ,...;.,- ......... e. •. -.··-··· _.--6 -• • ...;..o..,'.":,· ~.J-.,,....-c:-~r-~----t,·~··~•-•• ·•"-·••--· .-- .....__ __ • ·"' ,.~ ... , .. ,·-~.·-- ).···• ·-::-:•":--.~·,;.· .. ~· ·-:·,···. -··--·~·:-;;•,•·,-.· ·. · 
,,_-;.. 
....-;.- -~·· 
,! 
do. 
·- ..-
-dn 
,. \'.~ 
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. 
--R-oberts an_d: Erdoga~ ~ Ref. ( ;i), used th~ ·mo.de];. of. ¢ra¢-k 
" 
13. ·) 
.\. · .. 
pr._opagatton propose~ b_Yc- :$_¢ihijy·e·,, R·ef. (9:j ,: -a~s a :basis · of · their 
9 . 
' ' proposed equ._at:i-on. sc:h1~5~~' s model :[?ropo·ses.· ·th:at. cra,ck _ext .. en-sion -
•· ----... 
·,--....~~,.. 
• 
.-- p 
., 
be donsi~_ered ,as· a c.<)iiSequence of~d-410.C!ation -rnov~ments- :6r ---.. · 
··-......._,, 
.. 
-~ . 
-:-.; .. : .
. - .... _-·· 
... 
{s: tl1e_ total riumber of 
pof3sibly'. C()rtt.ribute to cra~it -extens:ion·, b. : .. t:s 'the 'rn~agn~'tude···:Of'·· 
' 
. . 
. ... .. .. ,, Bi1rg:er-' .. ·s ... ,yector and - ''f) is the .. fr·a~_t±on _of .-IP-QYip~ :di-sloc:ations .r· . , .. . ... / . 
. . 
effect:L.ye~y: eo_ntriputing to crack ext-en.s:iqI1!' 
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. '.; ;~.:: 
·····-···· ........ . ' ,·,, •• ,-,•:••!•''•'' Rober~_·s. and E.rd·og-:an th$ :'pr:oe-e·de: ··t-ci· relat:e t·he quantities. 
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THEORETlCAL .CONSIDERA~9NS CONT'D. . ~ ~ ' 
,,:; 
eq)i.~tion of ·the form 
d.a. 
.. (· ·_ ..  _e.: ).· .. 
' ,)· 
-
-dyt 
·where R-, c(, and <i:1 are· unknown constants to be· deteirmi.ned ftont )./, ~ 
the data . 
' Since for small s_:_cale· .yieldin.g the. _plasti.O .. zo~e, ·si.~~ C'a;h be 
'.:; 
$imply · related: :t9 tha s±~ess . intensity fact.or f'<>r -exten9 i_"C:in arid 
:•. 
I • 
.. be~di~ .,, ~Rober.ts --and ·Erdogan . a-rrive at an equation .of t_h,e form 
.. 
in, tension .,. (-6} 
·'\_ 
in 1Jericiihg 
1.; 
_,,., 
··where ~: ~'"t•n / 1(4 ,.., and S, a:, and CCz must P.e d-_etermineid ft.om.: 
' 
:~ .·. 
· the data. 
lt --was .. ;p,9.inted· out; by Rob:erts: and Erd0g~p .. :,. B'ef.. ·{ 1.) ~-. ~-bat :_. . 
e.qµat"ions (5).?. (6} ··and f7) are not meant to ·encornpas-s all of·'·t·he-
., ~ da·ta- :and tna_t the. va:lµes of e) d:, and <Xz. may vary_, d~p$nding 
. µpon t·h--e ·op·e·rating J"an,ges of P,,, 4 ,. an~,r, AP .. ·-,Also, ,equations . 
.! . -~-- ._, ' . ' ' .. . . . ' . ' - . . ,. 
,(6·) ~a· ( 7') are·. r¢.s.tricted to values o~ cr'l-/o-1.p. < O, '-1 . wh~_re 0-~·f·· 
,,.. 
• J 
·t-·· 
··· .is: ·th-~ yi. .. e~Ld. p.oint tn.-·silnple tension and er\ is the applied stress··. 
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·e_ai.chia;f~d in: t:he ~rune :manner wi~h th_e excE=ption be.ing 'that· th·er·¢ · ,___ - . -· .! _a_ 
·4 . 
are j_ust. twc) ,1:l,nknowns f,-o be: a.et.ermined· . 
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· -2:s: are the st;anuard_ ·errors: o°Qt_:aj.:nea:_~ 2024 T3 .·ai:io. 7075 T6 _s.he~t-· 
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Here· aga.{r;t we: find th-at Roberts and E:rdoga.n 's .eq_ua1?·i,q;n ·gi_v~s · ·the h 
···1 • 
best· .:fit to th~ ·dat.a. . . . . . . ~ . ., Forman' s eq·uation is still s-µp;erior ~9.,. 
-~. 
.. ... • 
,• 
··-Iiia·j ,0,r·ity 9f c:ases, 'are not ,s.:t:gpi,:t~icantlf :different. from ·those 
=ob·tarirfe<i., with Roberts :an:d ·~:r-o.og~rt ~ .. s. ·:e·quation .. .-· i... 
··.4 
:c. 
.. 
In Table 5 the·. standard .errors w~:re c'alclilated for· th:~ J''it.s· 
,·· 
' .. 
·t.o. ::a.11 ct£ the d·ata .. for ,Jfqb~rt,s: .. and Erdogan' s equat_ion :and 
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'Forman:! s · e·gu.atiori. :But here thJ~. s·t.~ndard errprs · wer·e ~-alclilat:ed 
. :.,. 
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:for t.:he points .b.ef:ore th'e t·ransi tion and thyJl again aft:er th·e 
b 
..,..,• :. 
· -'transl ti'on in d>'r.der ·t.o ·d,et·ermin~ if one: of the e.quations· mJ.,ght~ 
'. 
,e: 
· be ··ri tting t 1he .data :mor~ cl.os.e~y e:t.ther b·ef0:re. .or -a;fter ·th·e · -~-
., 
tr{ins.ition .. -· ·.Ex·~inip~ Table. 5 we f,i_nd ·that both ":equations appear __ 
·.:,.· 
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. ····-- --· .. -·· - -·- ". -- ,. ··-;;-···:·-~ - .• ';""'...!..:._._ -:"' • -·~ :-:· ., ----- . . 
~?. , • · · ·tt 'b~ ··titt1-ng the' -,~at.-a. a --ifi-tie- -~cir·e- ;ai~~ ~ly. -~·ft~t· ··th~ transition. 
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.. .-Th:i.s is due: ·to the fact that t.he. maj orit·y of the. data reported 
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s1ig_:htl.Y bettel:.1 tl1an ·Form __ ·.·an 's equat1t)n.· ... di' 
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,. ·rr ·Rober't·s and Er.dog.an.t·s ·e"<1uat·idp__. i·s: ·br·<)ken intt) fits· fo:r-.. 
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.ctata'. befor.-e and afte;r t~e transitio;n, s.ee Table 5B, we find thJ;it 
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,error-s. obtail_led for Forman·'s equation-.fit. to all of the data. f 
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' . 
·.ti.· 
.·11,-· ~ 
"'-•·. 
., . 
• ......... j 
:~. 
'i6 " .... 
·,.· 
~- '.-; .. --,~. 
... 
. .•. .. . 1·. 
.. I ·.• . 
. ~ . 
:; ,: . ..... . .. -·-···-···~ . 
'. ,. :1 
.. .... 
... 
. ,
j 
,---
_, . 
. 
' 
•· I 
~II 
' 
"' 
-~ 
1,1 
' 
'" L 
D 
~ 
,·-------·-,L,~~ ... ~--. I 
.... , ... 
. ' ~ 
\ 
I 
I 
, .. I 
' 
/ 
Drs·.cus.S-ION CONT'D. 
' 
0 
range of crack ·-g_rowt~ dJt'.fa since the eguation· i·nclud·es t:h-~ 
,..;.. ___ ~·,. 
.... 
_singularity ,pr..e:sent w . i.th t1Je last load. cycle. · -Roberts., ...... an4 .-. .· l· .. 
l ... ~l. 
Erdogan' s · eq_uati.ort, on t.he. oth'er hand, ~as :de-ye·Iop_~c:l: to be appl·ie·d·:. 
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-
·. 
.. 
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. .. . 
-upon th.e· last ·1o·ad: eye.le.·· I'r1 f.act-,. ·Rob·erts an~. Erdogan, Ref .•. (.1) , .. 
-; . 
.,. 
,J, p:oin_t· but· that. the constants A, ,. ~. and: OCz may v~cy .clependi-ng 
up.on th·e ope.ra_ting r._anges of P ,,,. ,. · and · A P .. 
. . 
• ·, 
.Irr view of t·hes.e fin:dings then, :it can pe ·;s:aid: that· ·th·e .. 
" . 
_. .... • 
,equatiozj. s.et f.orth by Roberts .arid Erdogan fits the· data. examined 
~-. 
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. 
., . 
poi:rrt it i,s .found. th~t a :consideral;,le improvement.- is ·gained . 
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,: 1: 
r_ s:e,~n :from t·he. t:abies:., th:e -exp.anent · 2 <:I:, r.anges :ftbnl. a value <lif 
;i .·::43 ,to ·3_. 27 f~r the ."202'1~~ T3 ·material and from ·O. 596 to -,2· .1.2 fo_r .r • ,• • ~ 0 • A O • 
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't·he. 7·01.5. T6 m~terial .. The exponent 
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., t --~ 
va:1~~-i for the cyclic bending tests ... i~i not su-rpr·ising. It .has not 
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to tJte maximum norma;'l stress ahe-aci" ¢,f· th.e:: cr.ack: tip. 
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in c~s-es_ wh.ere· the. c.rae:°k-' g·row-s: straight ·a'lon.g: :i'ts axi:~r •: 1·n. s-pite 
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·may:··-be _expr.es·sed .. fn t:erm.'s of .po.lynom1.al~ as follows:: 
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wh:ere p t_s. t·he :n:o,rma.} ·t~.action, q. is ·the s·near-,. n ~is: ~om~: 
· integer sufficienti:_,large by phy.si.ca,)on~±dera:tions and 
'• 
... 
-A_ ... _-. · ·arid. _:B_.·:'··_ ·· ·a;:r··e_>'.'.c.o.hst.ant.· --s t. o be .. d'et.erm-1·n. ed_ .... .. 
·2,k ... . .. ·- 2k - . .. . ., - .... . 
:9:.~·term_ineo. from the :exte,rnal .1q·c1.dir.ig: and th-.e 1·6.acfing; wit:hin _:the 
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crI:t e;r.i on . It -may be· written in the :f-ollowirig: form. 
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,· A - Cylindrical Bending . 
· All Tests: 2024 - T6 Aluminum 
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·. a·= 8320 psi., (3 ·= _1.0 
3 . 
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B-,~ Transverse Bending 
·ALI q.1·ests: 2024 - T3 Aluminum_ 
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,· 
.•.. 
0·.-619:2 
0··~6875 
·...,..,..;.·--'"i··,-.....__.' ·-~·-·, ·~,.....;...-,.;--'-"-·· .-~-.. ·. ,, 
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B - Transverse ·Bending 
A 11 Tests: 2024 -
T.hickness 
T3 Aluminum 
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-TEST DATA 
B - Transverse&, ·Bending -
All Tests: 202·4 - T3 Aluminum 
ThickneS's - 0.050" 
Stat~c Tenstle_Stress' = 2·0,0~psil! . 
Q = Transverse Loading .Amplitude (lb.} 
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/ TEST DATA 
;.. __ :-B· - :T.r·a.ns_verse Bending 
·. ·.A11i·Tes.ts: 2024 - T3 · AaJ.uminum .. 
. 
' Thicknes-s· - 0.050" 
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· TEST DATA ~ 
B - Transverse Bending 
·All Tests: 2024 - T3 Aluminum. 
Thickness - 0!'050" 
Static Tensile Stress = 20,000 -psi .. 
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Algebraic. Equa{J-:on.s 
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. pr~ogram. T_h~ o;rigina.l pr-bgram. entit:;:L.e<i ''Sec·ant.;..8:i_mult·aneous · 
.,_-N:on--Lin·~a.r. :Equat·i_o_ns'' .wa$ wri.tt'.e:q by ·t4r-. John ·.T'. :Godfr,ey, 
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-General El·e..ctric Company.. The_ general: ;:pr-·9gram is. expl~ined'. 
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Jcir.sey. a:nd ·was· g_rag.u·at:ed' .from .Coll:Ln,gswoo.d .. High· 8¢hool .in June:,~.: 
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.1a.ud e with the· degree of Bachelor of :Sci:ertd.·E= irt· :Mechanical 
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